Background. One option for the palliative treatment of recurrent malignant pleural effusion is powdered talc using thoracoscopy. This paper presents the results of selected systemic and local manifestations of the talc-induced inflammatory reaction using a videothoracoscope. Method. A total of 114 patients with repeated malignant pleural effusion were treated at the Cardiac Surgery Clinic in Hradec Kralove from January 2010 to December 2012. Those with a life expectancy more than ≥ 3 months were eligible for talcage surgery. The group was retrospectively divided according to treatment results into Group A (N 1 = 98 -successful) and Group B (N 2 = 16 -relapsing). The pleural effusion was quantified using ultrasound over 1 year at 3-month intervals. Systemic changes due to the inflammatory reaction (body temperature, serum leukocyte and CRP levels) were evaluated. Local indicators of inflammation included changes in the leukocyte cell population in the effusion and changes in the pleural CRP levels. The dynamics of local expression of membrane receptors TLR-2 and CD-64 on granulocyte and monocyte cell populations in the pleural effusion were also evaluated. Results. The reaction after talcage, included a significant increase in axillary temperature and leukocyte count, 12 h after the procedure. The dynamics were different in the two groups. The dynamics of local inflammatory changes were an early increase in the pleural CRP levels in both groups. The time interval of local inflammatory development and duration was related to the treatment efficacy and showed a significant rise 2 h after talcage in Group A. In Group B the local inflammatory reaction was slower and the rise was only observed 24 h after talc application. A decrease in lymphocyte count and an increase in granulocyte count 2 h after talcage were found. After an initial drop in monocyte level, a rise occurred within 24 h after talcage. Changes in the expression of TLR-2 and CD-64 receptors in relation to their cell carriers were observed depending on time after talcage. Conclusion. The differences in the serum and pleural effusion CRP levels suggest that the surgical stress manifests itself locally in the pleural space with a lower intensity and time delay. The TLR-2 and CD-64 receptors exhibit different behaviour depending on the type of cell membrane where they are found. The inverse relation between the granulocyte increase and TLR-2 receptor decrease in the membrane immediately after talcage is a new finding. The dynamics of TLR-2 expression on the monocytes demonstrates a direct proportion between the increasing expression of the TLR-2 receptor and increasing percent fraction of the cell carrier.
INTRODUCTION
Malignant pleural exudate is formed in a pathologically modified space between the sheaths of the parietal and visceral pleura. The worldwide annual incidence of pleural effusion is 0.06% (ref. 1, 2 ) . No binding rules can be specified for the diagnostic procedure, nor can a template of unified therapeutic guidelines be set up for the treatment of pleural effusion, which has multi-factorial etiology.
It is possible to assess the effusion type in relation to the basic malignant disease based on the results of indirect diagnostic methods 3 . Evidence of malignant pleural involvement can be derived from cytological investigation of the pleural fluid or more precisely, from histological investigation of tumours of parietal or visceral pleura 4, 5 . Recurrent malignant pleural effusion presents a serious complication that can induce metabolic deterioration, increase the rate of infectious lung complications and worsen the quality of a patient's life. One efficient option for palliative treatment of recurrent malignant pleural effusion is pleurodesis.
Post-inflammatory induced pleurodesis using a chemical substance prevents the accumulation of pleural fluid. The first reports of chemical pleurodesis date back to the early 20 th century 6 . However, to date, we still lack a safe, efficient and reasonably priced substance for pleurodesis. Substances that had been used for pleurodesis include tet-racycline type antibiotics, antimalarials, cytostatics, and radioactive gold colloids 7, 8 . The use of immunomodulatory substances, interferons and inflammation mediators such as TGF-β (transforming growth factor beta) has been described 9 . The application of hyperosmolar 50% glucose solution was tested for this purpose as well. Instillation of autologous blood into the pleural cavity at 1 ml/kg of total body weight seemed to be a promising option 10 . Suspensions of killed strains of Corynebacterium parvum were applied in the 1970s. However, due to the increased rates of infectious complications and anaphylactic reactions, its use was prohibited 11 . Talc application using the video-assisted thoracoscopic (VTS) method, is an efficient option for the palliative treatment of relapsing malignant pleural effusion 12 . A number of studies have provided sufficient evidence that talc in its powder form is still the most efficient substance forinducing chemical plurodesis 13, 14 . (The first to use thoracoendoscopy was Hans Christian Jacobeus, professor of internal medicine in Sweden in 1910) (ref. 15 ). The safety of this procedure is documented by the low mortality rate which is 0.5% (ref. 16 ). The intrapleural administration of talc, provokes an inflammatory response characterized by an increase in the production of Interleukin-8 (IL-8) (ref. 17 ). It has been suggested that IL-8 is involved in the chemotaxis of neutrophils and monocytes into the pleural cavity 18 . Talc particles activate the mesothelium of both the visceral and parietal
Pleurae resulting the production of a fibrinous exudate that brings both surfaces together. In addition mesothelial cells can contribute to driving the pleurodesis process. Stabilization of this fibrin network and increased levels of basic fibroblast growth factor, result in the recruitment and proliferation of fibroblasts 19 . An increased incidence of complications in patients with malignant pleural effusion who undergo thoracoscopy is mostly associated with the basic diagnosis itself rather than the surgical technique used 20 . As mentioned above, pleurodesis is an inflammatoryinduced process. Thus, it would be useful to examine the intensity of the inflammation activity in the pleural cavity, which may in turn serve as a predictor of the efficacy of the pleurodesis.
Manifestation of this therapeutically induced aseptic inflammatory reaction, can be divided into systemic and local. The parameters of the systemic inflammatory reaction can be measured and quantified by body temperature, leukocyte level, C -reactive protein level and erythrocyte sedimentation rate. However, because of their high non-specificity, none of them can be used for quantifying the ongoing inflammatory activity, and hence, they have a poor predictive value regarding the success of the pleurodesis. Thus, the effort is to find a specific indicator for the intensity of the induced inflammatory activity in the pleural cavity A rise in body temperature is the first defensive mechanism. It is induced by endogenous low-molecular-weight pyrogens. They are formed by activated monocytes, macrophages, lymphocytes and neutrophilic leukocytes. They are released by the effect of microbial components and products of phagocytosis. The first evidence for the use of temperature for diagnosis dates back to the early 19 th century 21 . Mediators, histamine being the most important one, are released from mast cells and basophils by activation of the complement system. Together with bradykinin, histamine is a vasodilator that act on free nerve ends and causing pain 22 . Pain is subjective but it can be quantified using the Visual Analog Scale (VAS) after Scott-Huskinsson 23 . Monitoring of blood leukocytes has a higher explanatory power as regards the development of the inflammation. At the beginning of the reaction, leukocytes decrease due to their adherence to vascular endothelium. This depletion is compensated by their hyperproduction in bone marrow 24 . The C-reactive protein (CRP), a pentameric protein produced by the liver, is used to monitor the dynamics of inflammation. CRP was described by Tillett and Francis in 1930 (ref. 25 ). It has the capacity to precipitate pneumococcal C-polysaccharide 26 . CRP can recognize foreign bacteria as well as the body's own damaged cells. A receptor for CRP, the Fc receptor for Immunoglobulin G, is present on macrophages 27 . Its physiological value is 0-10 g/L, typically higher in women than in men, and increasing with increasing age. Its concentration increases 6-9 h after an insult, to attain its peak level the 3 rd day. CRP is the protein that "reacts" fastest to an inflammatory stimulus. The values depend on the stimulating factor of inflammation and on its intensity. Its formation is induced by interleukin-6, produced by macrophages at the site of inflammation. The proinflammatory interleukin-1 and tumour necrotizing factor alpha have less effect on the formation of CRP (ref. 28 ). The CRP levels correlate with BMI and central obesity indicators. This is due to hyperproduction of IL-6 in adipocytes of the visceral fat tissue which is transported via vena portae to the site of CRP formation -the liver. Genetic factors play a role in CRP variability within the population 29 .
As regards cell receptors, we focused on evaluation of local expression of the membrane receptors TLR-2 and CD-64 on granulocyte and monocyte populations.
MATERIAL AND METHODOLOGY
A total of 114 patients with recurrent malignant pleural effusion were treated at the Cardiac Surgery Clinic, Faculty of Medicine, Charles University in Hradec Kralove from January 2010 to December 2012. Patients whose life expectancy exceeded 3 months were eligible for surgery. The patients were retrospectively divided by treatment results into Group A (N A = 98 -non relapsing) and Group B (N B = 16 -relapsing). Since effusion volume was the only objectively measurable quantity, this parameter was selected for the assessment of the effect of the talc. Ultrasound was used. This parameter was measured over 1 year at 3-month intervals. Systemic changes due to the inflammatory reaction (body temperature, serum leukocyte and CRP levels) were evaluated as well. Local indicators of inflammation that were evaluated included changes in leukocyte count in the pleural effusion and changes in the pleural CRP levels. The dynamics of changes in the expression of the membrane receptors TLR-2 and CD-64 on granulocytes and monocytes in the pleural effusion were monitored.
(The life expectancy due to the malignant diagnosis was up to 12 months).
Talc was applied thoracoscopically at the recommended dose of 5 g (ref. 30 ). The rules for fractionated evacuation of the pleural effusion using portions up to 750 mL were adhered to in order to avoid formation of a re-expansive pulmonary edema (RPE). The fluid evacuation procedure and observation of the pleural cavity were followed by biopsy of the parietal pleura. Four hours after the procedure, the chest tube was connected to gravity drainage only. Active suction with a controlled vacuum level of -20 cm H 2 O was applied during the next 4 h. The chest tube was removed when the volume of waste was lower than 150 mL during 24 h.
A volume of 5 mL of the pleural effusion was collected in a test tube with heparin by means of a BD Vacutainer ® (BD Becton, Dickinson and Company, USA) with commercially ensured defined heparinization.
The sample was centrifuged, and flow cytometry was used to determine the fractions of leukocyte subpopulations -lymphocytes, granulocytes and monocytes. The cell immunity parameters were assessed by immunofluorescence analysis on an FACS Calibur flow cytometry system (Becton Dickinson, San Jose, USA) based on cell size and morphology.
The effusion volume was determined by the ultrasound method on a Toshiba Xario ® instrument (Toshiba Medical Systems, Sweden) using a conventional 2-5 MHz probe.
Statistical analysis
Flow cytometry data were analysed using FlowJo software (Tree Star, USA). Clinical data, flow cytometry results and ELISA results were statistically analysed using Med Calc statistical software. Comparison among pleural effusion collection in the three intervals was assessed using paired t-test or Wilcoxon test according to the normality of the data. Differences between groups were tested using t-tests or Mann-Whitney test. Categorical data were tested by the Fisher´s exact test. Statistical significance was set at P=0.05.
The study protocol was approved by the Ethics Committee of the University Hospital in Hradec Kralove and an informed consent was obtained from all participants.
RESULTS
The cohort consisted of 114 patients with etiologically different malignant effusion, of whom 61 (53.5%) were men and 53 (46.5%) were women. In 98 (86%) patients (Group A) the treatment was efficient and no postoperative chest paracentesis was necessary, whereas in 16 (14%) patients (Group B) the treatment failed. Mean patient age was 63.6 ± 3.2 years in Group A and 67.8 ± 2.4 in Group B. The basic data are included in Table 1 . The mean duration of the surgery was 44 ± 12 minutes, the mean time of chest drainage was 5 ± 2 days. The mean length of hospitalization was 7 ± 2 days. One death occured due to global respiratory insufficiency 28 h after the surgery as a result of the development of a re-expansive pulmonary edema (RPE), the other death was due to a massive pulmonary embolism of the left lung wing 34 h after the surgery.
The intensity of the overall inflammatory reaction was quantified by monitoring body temperature, serum leukocyte level, and CRP serum level. A significant difference in axillary temperature increase between Groups A and B occurred 6 h after administration of talc, and a statistically significant difference between Groups A and B was found within the period of 12 to 24 h after talc administration (P 12 = 0.0003, P 24 = 0.0021), Fig. 1 . An increase in serum leukocyte level occurred in 12 h in both groups, and a statistically no significant difference between Groups A and B appeared 24 hours after talc administration (P 24 = 0.071). The maximum leukocytes level was found 36 to 60 h after the talc instillation (P 36 = 0.0023, P 48 = 0.00012, P 60 = 0.00014), Fig.  2 . A significant elevation in serum CRP level in Group A was evident in the 1 st blood sample obtained after the initiation of VTS procedure and prior to talc application and this trend was observed during the entire monitoring period (P 0 = 0.034, P 2 = 0.0017, P 24 = 0.0015), Fig. 3 . The baseline serum CRP levels were identical in both groups (P = 0.062).
Manifestation of the local inflammatory process in the pleural cavity was assessed by the changes in CRP levels in the pleural fluid. Elevated pleural fluid CRP levels of no statistical significance were found in Group B prior to talc powdering. However, a statistically significant difference in pleural fluid CRP levels between Group A and B was observed 2 h after talc instillation, and this difference continued to increase during the monitoring period (P 2 = 0.0074, P 24 = 0.00034), Fig. 4 .
A sharp drop of the lymphocyte population and a growth of the granulocyte population were observed after the talcage. Monocytes exhibited minimal change dynamics, Fig. 5-7 .
No statistically significant difference between Groups A and B was found in the decrease of percent fractions of lymphocytes, Fig. 8 , where as a statistically significant difference was found in the granulocyte fractions prior to talcage (P 0 = 0.0016), Fig. 9 . A pronounced increase occurred in both groups, with no significant difference between them. As regards the monocyte subpopulation, there was a statistically significant difference between the baseline levels prior to talcage (P 0 = 0.0019). A decrease without statistical significance between Groups A and B followed, Fig. 10 .
Local expression of membrane receptors TLR-2 and CD-64 on granulocyte and monocyte cell populations and 
DISCUSSION
Repeated formation of an effusion disturbs metabolic and mineral homeostasis and induces the terminal state of cancer cachexia. Dyspnea on exertion and later dyspnoea at rest are the first symptoms associated with an effusion accumulation in the pleural cavity. The increase in the amount of the pleural effusion causes compression of the lung parenchyma with a subsequent development of lung atalectasis, which may contribute to further worsening of the patient's symptoms. The patient is at high risk of pneumonia development in the territory of non-ventilated lung parenchyma. This risk however is higher in the case of patients with malignancies due to their previous chemotherapy/radiotherapy. The probability of the infection propagation into the pleural space and formation of thoracic empyema increases with the increasing number of thoracic paracentesis procedures. Its treatment is usually complicated by fibrothorax, which requires a hazardous decortication of the affected lung parenchyma. Immobilization, malignant tumours and previous cancer therapy are among the highest-risk factors for fatal pulmonary embolism 31 . The cohort of 114 patients was divided into 2 groups according to treatment results. Group A (98 patients) included patients in whom the treatment was successful whereas Group B (16 patients) included patients who had to undergo repeated thoracic paracentesis or drainage.
There were no statistically significant differences for basic demographic parameters except for age. The 2 groups had different baseline parameters indicating the patients' physical condition and polymorbidity, which are best expressed comprehensively by the thoracoscore index.
The diagnosis of malignant disease had no effect on the therapy outcome for two reasons. The first reason was the correct indication of patients for surgical intervention during malignant disease remission. The second reason was the identical mechanism of pleural effusion formation, which is pleural fluid hyperproduction and hyporesorption induced by aseptic pleuritis and blockage of the pleural stomata by large cancer cells, respectively.
The spectrum of concomitant diseases had no effect on the treatment outcome, either. Surgery induces operational trauma with activation of the blood coagulation and fibrinolysis system and triggers a cascade of the body's inflammatory response 32 . This results in repair and healing of the damaged tissue 33 . The systemic inflammatory response syndrome (SIRS) develops if the reaction is inadequate. A vigorous inflammatory reaction can stimulate acceleration of the latent form of atherosclerosis 34 . Cases of increased incidence of heart attacks due to persisting elevated leukocytes have also been reported 35 . Changes in the immune system reaction can be detected after surgical procedures despite efforts to eliminate the operational trauma. These efforts lead to suppression of the cell type immune reaction with subsequent lymphopenia 32 . The intensity of the reaction depends on the nature of the procedure and on the amount of foreign material used during surgery. This is why activation of the immune system is significant in cardiac surgery when the extracorporeal circulation is used 36 . In patients undergoing pleurodesis, the aim is to trigger the inflammatory chain reaction and to increase its intensity using talc as an inflammation-inducing substance. The intensity of the induced inflammatory reaction can be measured and quantified, although the measured systemic changes are highly non-specific. It is difficult to discriminate between the effect of the surgical stress and the effect of the foreign substance on the ongoing systemic inflammatory reaction. In our cohort, the application of a unified surgical and anaesthetic technique may have reduced the surgical stress.
Non-specific inflammatory reactions, such as rise in axillary temperature and leukocyte level increase, were observed 12 h after the surgical procedure. These changes are concordant with the generally recognized theory of The operational/anaesthesiological stress is immediately translated and mirrored by the immune response, as demonstrated by the increased serum CRP levels even prior to talcage. Group A had a faster inflammatory response than Group B, which indicates a better immune system predisposition to react to external stimuli.
Since this study was focussed on the detection and evaluation of early changes in inflammatory indicators, maximum CRP levels were not recorded since it is well known that the peak serum CRP levels during a bacterial infection are registered up to 3 days after the triggering moment 38 . In our pilot study, maximum serum concentrations were attained between 36-48 h after talc application 39 . The dynamics of the local inflammatory changes are indicated by the early pleural CRP level increase observed in the whole sample as well as in the comparison of the two groups as early as 2 h after talcage. The local inflammatory reaction registered as a significant increase in the CRP level 2 h after talcage and a persisting trend throughout the monitoring period in Group A. In Group B, the reaction was slower and the increase of inflammatory indicators lasted over 24 h. This may be suggestive of a different state of the immune system in each group.
The different changes in serum and pleural CRP levels indicate that the surgical stress contributed minimally to the local intrapleural inflammatory changes and with a delay.
Changes in the inflammatory cell response occurred in the interpleural space. The relative lymphocyte fraction decreased as early as 2 h after talcage and granulocytes increased significantly. The relative monocyte fraction decreased 2 h after talcage to start increasing again in 24 h. These findings are confirmed by other authors 40 . In our previous study, different levels of local soluble receptors, reflecting the local inflammatory activity in the pleural effusion, were found between the group of patients with successful and unsuccessful pleurodesis 41, 42 . To our knowledge, no study has assessed the direct effect of pleural talcage on the dynamic of changes in cell immunity in the pleural space. We were unable to clearly demonstrate statistically significant differences in the relative fractions of various immune cell elements between Groups A and B due to the different number of patients in each group.
External stimuli of the immune system induce signals whose identification is mediated by toll-like receptors (TLR). So far, the changes in these receptors expression in response to inflammatory stimuli have been known from experimental studies only 43 . It was demonstrated on the patient cohort examined that TLR-2 receptor expression on granulocytes drops rapidly immediately after the surgery and talc application. An inverse proportionality was found between the increase in relative granulocyte fraction and decrease in TLR-2 receptor level on the membrane immediately after talcage.
The dynamic of TLR-2 expression on monocytes demonstrates a direct relation between the increase in TLR-2 receptor expression and increasing percent fraction of the cell carrier. The dynamics of expression of the activation CD-64 molecule on granulocytes, which is increased by proinflammatory effects, demonstrated substantial differences between the groups as early as 2 h after talcage. CD-64 expression on monocytes was an order of magnitude higher than expression on granulocytes, although the change in the percent fraction of monocytes within the cell reaction type was minimal.
The VTS method of talcage was safe in the selected group of patients. The most frequent complication included various forms of respiratory insufficiency. RPE, with a fatal outcome, was a rare complication. RPE (with incidence ranging from 0 to 14%) occurs after sudden reexpansion of a long collapsed lung parenchyma and has a mortality rate of up to 20% (ref. 44 ). Pinault described the first report of this complication in 1853 after providing thoracocentesis 45 . The pathophysiological mechanisms of RPE development have not been recognized in detail. Long vasoconstriction after hypoxia in the collapsed lung wing induces ischemic damage of the lung parenchyma at the cell level.
Rapid re-expansion of the lung wing causes a re-perfusion injury by the released oxygen radicals with damage of the alveolo-capillary barrier and development of the capillary leak syndrome. Activation of monocytes, macrophages and neutrophils causes damage to the microcapillaries and the alveolo-capillary barrier in the pulmonary microcirculation. This can explain the involvement of non-collapsed pulmonary parenchyma as well as of some other parenchymatous organs 46 . In our sample, RPE induced acute respiratory failure in one patient, which could not be managed by routine methods, including the use of extracorporeal oxygenator, considering the diagnosis of the malignant disease.
CONCLUSION
Palliatively induced pleurodesis is a result of the inflammatory reaction in both pleural membranes. A successful development of the reaction depends on the overall biological condition and metabolic activity of the organism. The establishment of conditions for a sufficiently long contact of the two pleural membranes plays an important role. The effect of the therapy was unaffected by the type of cancer involving the pleura.
The significant proinflammatory trigger caused by the operational stress was evident. The different changes in the serum and pleural effusion CRP levels showed that the inflammatory activity is expressed locally in low intensity and with a delay.
The TLR-2 and CD-64 receptors exhibit different behaviour dependingon type of cell membrane where they are found.
There was no correlation between the type of malignant affection and the outcome of the chemical pleurodesis.
So far, no study has assessed the direct effect of pleural talcage on the dynamics of change of cell immunity in the pleural space. For clinical practice, examination of CD-64 in routine analysis using the ELISA method on samples of pleural fluid could be done. The fee for this examination is around 20 Euros.
